Although sea water contains a variety of cations the only one that accumulates in Valonia macrophysa is K+: this becomes about forty times as concentrated inside as outside. It is of considerable interest to ascertain how this process depends on the external concentration. This question is discussed in the present paper.
ACCUMULATION O~' ELECTROLYTES. IV were prepared containing respectively three times the normal amount of K, the normal amount of K, and no K. In all cases the total concentration of NaC1 plus KC1 was made the same. By mixing each of these sea waters with an equal volume of natural sea water there were obtained three sea waters, one containing twice the normal amount of K, another with the normal amount of K (the control), and one with one half the normal amount of K.
The cells were exposed as described in a previous paper 2 in glass troughs in large Pyrex glass tubes of 4 inches internal diameter, and 36 inches long. In order to avoid the slightest risk that the volume cells might become mixed with the cells for analysis, and so vitiate the volume measurements, they were placed in a 6 inch length of Pyrex tube 3 inches in diameter, closed at one end by cheese cloth secured by rubber bands, and at the other by a one-hole rubber stopper. The sea water from the reservoir was first conducted directly into the volume cell chamber by means of a glass tube inserted through the stopper, whence it escaped through the cheese cloth, passed over the other cells, and at length flowed out of the tube to the over-flow bottle. Thence it was pumped back to the reservoir bottle and recirculated. This continued throughout the experiment.
Each tube contained 450 cells plus 30 to 35 cells for volume measurement. Approximately 100 of these were used in preliminary analyses before the exposures to high and low potassium sea water began. The cells used were all collected at the same time and place, about one month before the start of the experiments. We were fortunate in having available a large number of cells of approximately the same size, 0.2 to 0.4 cc., so that cells much outside these limits were not used, which made it much less difficult to select representative lots for analysis.
The determination of volume was carried out in the apparatus shown in Fig. 1 .
It consisted of a U-tube having a wide arm A and a narrow arm B, bent nearly at right angles to A. When the levels in A and B were stationary a small addition caused a slight change of level in A and a much larger excursion in B which was read by means of a scale C, with a vernier reading to 0.1 ram. In order to measure the volume of an unknown object dropped into A the apparatus was calibrated by putting in an object of known volume and measuring the excursion in B.
To keep the angle of B constant with respect to the horizon during measuring and calibration, the U-tube was firmly fastened to a hardwood block D by "Picein" cement. Through the block was inserted a ~ inch brass rod E which projected ½ inch. A ] inch brass plate F was fastened firmly to a solid wall. This carried at one end a brass tube G of ~ inch internal diameter, projecting at right angles from the face of the plate. This served as a bearing for E. The other end of the plate carried a ] inch brass bolt H tightly bolted through the plate and projecting about 1.5 inches. The free end of the block rested on this with the outer face of the wood block resting against the large head of the bolt. A wedge J inserted between the block and the brass plate prevented movement during the setting of the vernier. Theoretically the angle assumed by B with the horizon should have been the same each time the apparatus was assembled. Under these conditions one call-bration would have been sufficient. Actually it was found simpler to permit small variations and to correct for these by calibration before each volume measurement. In no case did the correction exceed 1 per cent of the measured volume.
The pH values were determined by means of indicators and buffers. In order to decrease the salt error the buffers used for the sap were made up to approximately the same ionic strength as that of the sap by the addition of KCI: to those used for the sea water was added double strength artificial sea water. All the buffers were standardized by means of the hydrogen electrode. The indicator for the sap was adjusted to such a pH that its addition did not shift the equilibrium of the sap. This was tested in most cases by adding the indicator in two successive portions and determining the pH after each addition. If it did not change it was assumed that the indicator was isohydric with the sap, or at any rate that the sap was sufficiently buffered to overcome any effect of the indicator. The indicator used with the sap was chlor phenol red, the pK of which according to Clark 4 is 5.98. It was found in preliminary trials that the indicator when distinctly more acid or basic than this gave the same reading with the same sample of sap, i.e., 5.95. Hence it was concluded that the sap is slightly buffered. Sea water is, of course, so well buffered that its pH value is not altered by the indicator.
To aid the eye in reading the pH to the nearest 0.05 pH unit a Hellige double wedge comparator was used. But since the calculation usually employed with this instrument takes no account of salt effects it was calibrated empirically by the use of the buffers described above.
Clark, W. M., The determination of hydrogen ions, Baltimore, The Williams & Wilkins Co., 3rd edition, 1928, 157.
The halide was determined by titration with silver nitrate using dichlorofluorescein as indicator as suggested by Kolthoff, Lauer, and Sunde. 5 K and Na were determined together as the chloride and K as perchlorate. Thence the Na was calculated by difference. In some experiments the Na was determined on separate samples, as the sodium zinc uranyl acetate, as recommended by Barber and Kolthoff. ~ It was found that the Na determined in this way agreed within less than i per cent with that obtained by difference.
The experiments were carried out in Bermuda in January and February. The exposure was made out of doors, but in such a way that the tubes were protected from direct sunlight and to a great extent from the wind. The temperature varied from 16 ° to 20°C. In all cases the total mortality was less than 1 per cent.
The data are given in Tables I to III and are plotted in Figs. 2 to 5 (the curves being drawn free-hand, to give an approximate fit).
5 Kohhoff, I. M., Lauer, W. M., and Sunde, C. J., J. Am. Chem. Soc., 1929 , 51, 3273. e Barber, H. H., and Kolthoff, I. M., J. Am. Chem. Soe., 1928 , 50, 1625 1929, 51, 3233. They show that increasing K in the sea water from 0.011 M to 0.024 ~r causes an increase of K in the sap. A greater increase occurs when the We also see an increase in the K -Na ratio in the sap as compared 7 Owing to extreme fluctuations in the weather the controls in these experiments showed so much variation that we preferred to repeat the experiments under better conditions and use the preliminary experiments only for qualitative comparison.
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with the control, and this is much more marked in the experiments of Burgess with 0.048 ~ K in the sea water.
There is likewise an increase in the rate of penetration of K which becomes evident when we eliminate the disturbing effect of the penetration of water on the concentrations in the sap. In order to do this we plot a time curve showing the total amount of K entering the entire lot of cells during their growth. To obtain this we multiply the It will be observed that the concentration of K and the ratio K + Na fell off somewhat in the control (due presumably to conditions of illumination and temperature), but this was much more marked when the concentration of K in the sea water was lowered to 0.006 (Figs. 2, 3, and 5 ). We see an actual increase in the mols of K in the control and an actual decrease in sea water containing 0.006 ~ K (Fig. 4) . This was also found in the preliminary experiments of Burgess with 0.006M K in the sea water. He made analyses after 3, 7, 12, 18, 25, and 32 days, all of which showed smaller values for concentration of K, tools of K, and for K + Na than at the start, as well as smaller values than in the control.
We are therefore unable to agree with Brooks ~ that "The outstanding experimental fact ... is that when living cells of Valonia macrophysa are exposed to sea water so modified as to greatly decrease its potassium content, there occurs an increase of potassium concentration in the sap." The decrease in tools of K in cells in sea water with 0.006 M K (seen in Fig. 4 ) means that K actually leaves the cell. This would of course occur if the cells were injured but there is no evidence that this was the case. They appeared healthy in every way and the sap showed no more SO~ than that of the control cells, nor was the mortality greater (it amounted to less than 1 per cent during the entire experiment). The growth was less than that of the controls, but this would be expected of uninjured cells under these conditions for reasons which will be discussed presently. It may be added that cells can be kept in ordinary sea water for long periods in the laboratory without growth and without showing any signs of injury.
It should be noted that the exit of K and cessation of growth are evident by the 3rd day. If they denote injury we should expect to see some signs of it during the following 17 days of the experiment, but this did not take place.
It may be added that all these statements apply equally well to the preliminary experiments of Burgess. 9
Assuming therefore that these cells were not injured, how is the exit of K to be explained? According to the hypothesis developed in earlier papers 1° the exit of K is to be expected 11 when (K~) (OHm) is greater than (Ko) (OHo) (where the subscripts i and o denote activities inside and outside). This seems to be the case at 3 and at 6 days and would be so throughout the experiment if the pH value of the sap were in reality a little higher than our determinations make it out to be. This becomes evident from the following calculation. If we regard the activity coefficient of K + in the sap as identical with that of C1-and equal to that of K + in 0.611 • KC1, the activity coefficient 12 is 0.63.
The value 0.611 ~ is the average of the values for K + Na in Table I for sea water containing 0.006 ~ K. We neglect the effect of Ca in calculating the ionic strength of sap since we regard its concentration 0 At 32 days the volume was much nearer that of the control than in our experiments.
10 Osterhout, W. J. V., Proc. Soc. Exp. Biol. and Med., 1928-29, 26, 192; Biol. Rev., 1931, 6, 369. Cooper, W. C., Jr., and Osterhout, W. J. V., J. Gen. Physiol., 1930-31, 14, 117 . Jacques, A. G., and Osterhout, W. J. V., J. Gen. Physiol., 1930-31, 14, 301. 11 Such an exit has been observed under the influence of ammonia (Jacques, A. G., and Osterhout, W. J. V., J. Gen. Physiol., 1930-31, 14, 301) .
12 This value is obtained by interpolation from Harned, H. S., J. Am. Chem. Soc., 1929, 51,416. in normal sap as less than 0.0017 M. 13 Taking the ionic strength of the sea water to be 0.721 as calculated by Zscheile, ~4 we arrive at 0.62 as the value of the activity coefficient ~2 of K in the sea water. Using these values and taking the pH value of the sea water as 8.0 (so that OH~ --10 -6) we obtain the values given in Table IV .
It is evident that in some cases (e.g. at 3 and 6 days) the value of the product (K~) (OHm) is greater than that of (Ko) (OHo); in others (e.g. at 10 and 20 days) it would be necessary to raise the pH value of sap only 0.07 pH to make (K~) (OHm) greater than (Ko) (OHo) and this would be true even at the start if the pH value of the sap were 0.15 higher. If therefore our determinations of the pH value of the sap were a little too low or those of the sea water a little too high, the exit of K in these cases would be explained and this might be the case owing to the uncertainty of the pH measurement. 15 , J. Gen. Physiol., 1922 -23, 5, 225. 14 Zscheile, F. P., Jr., Protoplasma, 1930 . The activity coefficient calculated for the sap by Zscheile is in error since, owing to a typographical error the calcium in the analysi s given by Osterhout (J. Gen. Physiol., 1922-23, 5, 225) is ten times too large in the column where it is expressed as parts per thousand, although in the column where it is expressed as a molecular proportion the correct value is given. The use of the incorrect analysis makes the calculation of the ionic strength of the sap appreciably too high. We have used the more recent results of Harned 1~ in place of those of Lewis and Randall. ~s By the uncertainty of the pH measurement, in this case we mean the uncertainty which attaches to all pH measurements due to the difficulty, not yet solved, of determining the activity of the hydrogen ion in the standard solutions on which
It follows from what has been said that a decrease of the pH value of the sap might cause the internal product (K~) (OHm.) to fall below the outer and in that case K should enter. If this occurred in the experiments of Brooks it might explain his results.
It may be added that in our experiments with normal sea water and with increased K the external product was always larger and K always entered.
The exit of K would lower the osmotic pressure and cause a loss of volume were it not for the fact that Na continues to enter. This entrance would be expected since the product (Nao) (OHo) is more than 100 times as great as that of (Na~) (OHm). But the permeability ~° to NaOH is so much less than to KOH that the entrance of NaOH just suffices to maintain osmotic pressure and the volume of the cell.
It might be suggested that during the exit of K there is an ionic exchange of K for Na, i.e., that K + and Na + pass as such through the non-aqueous layers of the protoplasm. This would keep the total tools of Na + K constant throughout the experiment, as appears to be the case. But the facts can also be explained by saying that as there is practically no change in the external concentration of Na it continues to enter at the same rate as before, which compensates for the loss of K and that K and Na pass chiefly in molecular form through the non-aqueous layers, as elsewhere assumed, t°
As already noted, an increase in the external concentration of K causes an increase in the ratio K + Na, as compared with the control, ~6 and vice versa as is to be expected. Probably the same factors (presumably illumination and temperature) which caused a falling off in the control prevented any absolute rise in the cells in sea water with increased K.
We suppose that ~° when KOH enters it combines in the sap with a weak acid HA and forms KA, thus raising the osmotic pressure, and by exchange with the sea water KA becomes KC1. the whole hydrogen ion system is based, especially at high ionic strength and at high and low pH values. (Cf. Clark, W. M., Determination of hydrogen ions, Baltimore, The Williams and Wilkins Co., 1928, 3rd edition; MacInnes, D. A., and Belcher, D., J. Am. Chem. Soc., 1931, 53, 3319.) z~ Except at the first determination when the mechanical disturbance connected with handling the cells at the start is probably responsible.
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The increase in osmotic pressure would cause water to enter, provided the cellulose wall expanded; if it failed to do so (or to keep pace in its expansion with the increase in osmotic pressure) there would be an increase in the concentration of electrolyte in the sap.
Under normal conditions the cell wall appears to expand as fast as the osmotic pressure increases, so that the composition of the sap remains approximately constant, just as it does in certain models where there is no restraining membraneY But when we increase the amount of the more rapidly penetrating substance so that the osmotic pressure increases at an abnormal rate this no longer applies.
In the present case we see that the increase in external K produces an increase in the concentration of electrolyte (i.e. of K + Na, as well as halide) and an increase in the ratio K + Na, but no increase in volume as compared with the control. We should therefore say that the cell wall did not expand at an increased rate so as to keep pace with the more rapid increase of osmotic pressure caused by the more rapid penetration of K. But when the external K was increased still more (from 0.024 M to 0.048 M), as in the preliminary experiments of Burgess, there was an increase in rate of growth as well as in the concentration of electrolyte in the sap. This is true in still greater degree when a more rapidly penetrating substance, such as ammonia, is added?
When the external K was decreased from 0.011 ~ to 0.006 x~, K came out about as fast as Na went in, so that the tools of Na + K remained nearly constant. As the osmotic pressure inside was higher than outside 18 at the start the cellulose wall continued to expand for a time even after K ceased to enter, causing a slight increase in volume and a slight decrease in the concentration of electrolyte in the sap. At the start the control showed about the same decrease. 19 1~ Osterhout, W. J. V., and Stanley, W. M., Proc. Soc. Exp. Biol. and Med., 1931-32, 29~ 577. is The concentration of halide inside was 0.6098 ~ and outside 0.58 x¢. 19 According to the figures in Table I the increase in volume in sea water with 0.006 M KC1 was about 1 per cent and the decrease in halide about 1.6 per cent. In other words they agree within the limits of experimental error. The decrease of halide in the control was about 2 per cent and the increase in volume about 1.2 per cent.
